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（1）将 TiCl4 溶解于乙醇中，并将 Ba(OH)2·8H2O 溶解于去离子水中，然后
将 TiCl4 的乙醇溶液缓慢滴入 Ba(OH)2 的水溶液中，并且利用 NaOH 调整混合溶
液的 pH 值，转移到反应釜中在 240℃下反应 24 h，得到了纯度高、粒径分布窄
和规整性好 BaTiO3 纳米颗粒。制备的 BaTiO3 纳米颗粒为立方相结构。通过改变
去离子水和乙醇的体积比来调控 BaTiO3 纳米颗粒的尺寸。当水醇比为 1.0、1.4、
2.0 和 3.0 时，BaTiO3 纳米颗粒的尺寸分别约为 70 nm、90 nm、130 nm 和 180 nm。 
（2）将实验制备的 BaTiO3 纳米颗粒和 GO 以一定比例混合，以乙二胺
（C2H8N2）和十六烷基三甲基溴化铵（CTAB）作为表面活性剂，采用溶剂热法
制备了 BaTiO3/RGO 纳米复合物。并用矢量网络分析仪（VNA）系统研究了原材
料中 GO 和 BaTiO3 纳米颗粒的质量比、BaTiO3 纳米颗粒的尺寸大小以及退火温
度等实验参数对 BaTiO3/RGO 纳米复合物电磁参数以及微波吸收特性的影响。结
果表明，当原料中 BaTiO3 纳米颗粒尺寸大小为 70 nm 且与 GO 质量比为 7:3，并
在氩气保护中 600℃退火，制备的 BaTiO3/RGO 纳米复合物展现了最好的微波吸
收性能。当厚度为 2.0 mm，BaTiO3/RGO 纳米复合物在频率为 10.48 GHz 处的反
射损耗为-33.43 dB，且其在9.20 GHz到11.60 GHz的频段内反射损耗小于-10 dB。
这主要是由于 RGO 的加入改善了阻抗匹配，且界面极化效应以及协同效应的共
同作用使得 BaTiO3/RGO 纳米复合物的微波吸收性能得到进一步增强。 

















Barium titanate (BaTiO3) nanoparticles are very promising as microwave 
absorption materials. However, the microwave absorption properties of BaTiO3 
nanoparticles are unsatisfied in high-frequency band, which hinders its wide application 
in the field of electromagnetic wave absorption. In this work, using low-cost titanium 
tetrachloride (TiCl4) and barium hydroxide octahydrate (Ba(OH)2·8H2O) as raw 
materials, the BaTiO3 nanoparticles with different morphologies were prepared by 
solvothermal method. And then combining as-prepared BaTiO3 nanoparticles with GO 
which has large complex permittivity, the barium titanate/reduced graphene oxide 
(BaTiO3/RGO) nanocomposites were finally obtained after calcining the mixtue in 
Argon. The effects of experimental parameters on the complex permittivity and 
microwave absorption properties of BaTiO3/RGO nanocomposites were systematically 
investigated. The major research contents as follows: 
（1）TiCl4 was dissolved in ethanol while Ba(OH)2·8H2O was dissolved in 
deionized water, and then the alcoholic solution of TiCl4 were dropped slowly into the 
aqueous solution of Ba(OH)2. The mixed solution was transferred to a teflon vessel and 
subjected to hydrothermal treatment at 240℃ for 24 h after adjusting the pH value by 
NaOH. The structures of as-prepared BaTiO3 nanoparticles were cubic, and BaTiO3 
nanoparticles had high purity, narrow size distribution and good regularity. By changing 
the volume ratio of deionized water and ethanol as 1.0, 1.4, 2.0 and 3.0, the particle 
diameter of BaTiO3 nanoparticles were controlled at 70 nm, 90 nm, 130 nm and 180 nm. 
（2）Using ethanediamine and cetyltrimethyl ammonium bromide (CTAB) as 
surfactants and mixing as-prepared BaTiO3 nanoparticles with graphene oxide (GO), 
BaTiO3/RGO nanocomposites with different mass ratio were prepared by solvothermal 
method. This research had three synthetic parameters including the mass ratio of BaTiO3 
and GO, BaTiO3 nanoparticles’ size and annealing temperature. The effects of 
experimental parameters on the complex permittivity and microwave absorption 
















network analyzer (VNA). When the mass ratio of BaTiO3 with the particles’ diameter 
of 70 nm and GO was 7:3 in raw materials and annealing temperature at 600℃ , 
BaTiO3/RGO nanocomposites performed the excellent microwave absorption properties. 
The minimum reflection loss of BaTiO3/RGO nanocomposites was -33.43 dB at 10.48 
GHz with the thickness of 2.0 mm and the reflection loss bandwidth less than -10 dB 
was from 9.2 to 11.6 GHz. With the introduction of RGO, the impedance matching had 
been improved.The microwave absorption properties of BaTiO3/RGO nanocomposites 
were further enhanced due to the coefficient effect of interfacial polarization and 
synergistic effect. 
Key words: BaTiO3 Nanoparticles; BaTiO3/RGO Nanocomposites; Solvothermal 























钛酸钡的化学式为 BaTiO3，其分子量为 233.24。BaTiO3 的居里点约为 120℃，








图 1.1 立方相 BaTiO3示意图[1] 
 
当温度处于 120℃以上，处于稳定态的 BaTiO3 晶体结构为立方相结构，其空
间群为 Pm3m，为理想的 ABO3 钙钛矿结构[1]。如图 1.1 所示，在 BaTiO3 立方相
晶体结构中，处于体心的 Ti4+（红色）和处于面心的 O2-（绿色）构成八面体，而
Ba2+（蓝色）则占据了八面体孔隙的中间，即处于右图中的顶角位置。立方相结
构的 BaTiO3 晶体中，Ti4+、Ba2+和 O2-的配位数分别为 6、12 和 6，且晶格参数

















当温度为 120oC 以下，BaTiO3 晶体结构的 c 轴变长而 a 轴变短，同时晶格的对称
性下降，晶体结构由立方相结构慢慢转变为四方相结构。此时，Ti4+的振动中心趋
近于 O2-，同时沿 c 轴方向产生位移，所以产生了电偶极矩。其中，O2-的电子向
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